Background-Patients with retinitis pigmentosa are motivated to try complementary or integrative therapies to slow disease progression. Basic science, clinical research and retinitis pigmentosa patients' self-reports support the hypothesis that acupuncture may improve visual function.
Both basic science research 2 and clinical studies [3] [4] support the hypothesis that electroacupuncture and/or acupuncture may have a potentially beneficial effect on visual function in patients with retinitis pigmentosa. In RCS rats with retinitis pigmentosa-like retinal degeneration, increased retinal nerve growth factor and brain-derived neurotrophic factor proteins, as well as outer nuclear layer retinal thickness were measured following electroacupuncture. 2 From the clinical perspective, two published case series indicate that most retinitis pigmentosa patients treated with acupuncture had improvements in visual acuity (VA), with younger and earlier stage patients more likely to improve, 3 or had improvements in visual field (VF) area and sensitivity. 4 While these findings are intriguing, more rigorous research methods involving a sham control group have not been employed and the potential mechanisms that may play a role have not been explored in patients with retinitis pigmentosa. Previous research using functional magnetic resonance imaging (fMRI) has demonstrated physiological changes in the eye and/or cortical activation in response to stimulation of vision-related acupoints in normally sighted patients. [5] [6] [7] In the past 15 years, over 400 patients with retinitis pigmentosa have received acupuncture treatments at the private practice of a licensed naturopathic physician and acupuncturist (AR) with expertise in Chinese medicine for ocular disease. 8, 9 Rather than relying solely on self-reporting by patients with retinitis pigmentosa of improved VF and night vision following treatment by a single highly trained practitioner, we felt it was important to better document the effects, to inform patients interested in this potential treatment and to explore whether a different, well-trained acupuncturist could obtain demonstrable results with a standardised treatment procedure. The goal of this project was to collect preliminary data on this established acupuncture protocol, administered by a Johns Hopkins University (JHU) credentialed acupuncturist (JG) to subjects with retinitis pigmentosa extensively tested by a JHU credentialed optometrist (AKB). We aimed to determine whether such a study would support the hypothesis that visual function can improve after treatment with a standardised acupuncture protocol.
METHODS
This was a prospective case series in which all subjects received acupuncture to determine preliminary efficacy or proof of principle with the standardised protocol. This acupuncture protocol was specifically developed for retinitis pigmentosa based on the extensive clinical experience of a naturopathic physician and licensed acupuncturist and has an acceptable safety profile but only if administered by a qualified, well-trained acupuncturist. A placebo control group was not included in this early research as selection of a control intervention in acupuncture research remains controversial. 10 Specifically, placebo acupuncture (that is, needles inserted into non-acupoints or use of a blunt tip sham needle) may not necessarily represent an inert and valid control. All procedures took place at JHU between April and December, 2012. The protocol for the study was approved by the Institutional Review Board of JHU, School of Medicine and followed the tenets of the Declaration of Helsinki. Informed consent was obtained from the subjects after explanation of the nature and possible consequences of the study.
Subjects
A total of 12 subjects with retinitis pigmentosa confirmed by previous diagnostic tests and ocular examination were enrolled and all 12 completed the acupuncture protocol. Eligible subjects with retinitis pigmentosa had no previous history of acupuncture for retinitis pigmentosa, VA better than 6/120, demonstrated VF loss and did not smoke cigarettes in the past six months. Current or recent smokers were excluded since ocular blood flow 11 and vasodynamic responses to changes in light 12 in the central retinal artery are reduced among smokers with normal vision and the toxic effects of nicotine may damage the retina and retinal pigment epithelium (RPE). 13 Subjects continued to take all nutritional supplements they considered useful for retinitis pigmentosa (for example, lutein, vitamin A) and had been taking prior to participation. An ocular history determined whether subjects had ever seen stars at night and their age at first onset of visual loss at night and in their periphery. An open-ended interview was conducted at the beginning of each post-treatment follow-up visit (by AKB) prior to any vision testing to determine subjective changes in visual function.
Test frequency/duration
All subjects completed baseline vision and ocular assessments at a single visit within 90 days prior to initiating the acupuncture intervention and the tests were repeated within one week and one month after intervention. In subjects with significant improvements in the visual function at both one week and one month after treatment, the tests were repeated every 1.0 to 1.5 months for up to 10 to 12 months after treatment to assess the duration of positive longitudinal effects. Each visit took about three to four hours to complete.
Vision measures
The battery of visual function tests included the dark-adapted full-field stimulus threshold (FST; Diagnosys Espion), 14, 15 dark-adaptometry (Scotopic Sensitivity Tester [SST]-1; LKC Technologies), 16 kinetic perimetry (Goldmann visual field), VA (Early Treatment Diabetic Retinopathy Study [ETDRS] chart) and contrast sensitivity (CS with the Pelli-Robson chart). The vision testing was conducted by a single, well-trained examiner (AKB) according to her previously published methods for VA, 17 CS, 17 Goldmann visual field, 18 SST-1 dark-adaptometry 16 and dark-adapted full-field stimulus threshold. 14, 15 VA and CS were measured in each eye with trial lenses as indicated by a refraction at each visit. FST was determined three times within a visit for each eye with a white light stimulus after 45 minutes of dark-adaption and with dilated pupils.
SD-OCT
Spectral domain optical coherence tomography (SD-OCT; Heidelberg Spectralis) was obtained at the screening visit to determine the presence of cystoid macular oedema (CME) and help correlate the extent of retinal degeneration (that is, photoreceptor and retinal pigment epithelial loss) with disease progression or treatment response. SD-OCT was repeated for the same segmentation locations after treatment, if cystoid macular oedema was noted pre-treatment.
Acupuncture
Modern clinical research in China and Dr Rosenfarb's experience suggests that adding electroacupuncture to an acupuncture protocol improves the probability of positive results in retinitis pigmentosa. 9 The protocol consists of 10 sessions in a two-week period (five 30-minute sessions per week). We used an electroacupuncture device, namely the transcutaneous electrical nerve stimulator unit (TENS, Lhasa OMS Inc, Weymouth, MA, USA) to deliver 15 Hz continuous wave stimulation and attached the leads to four of the acupuncture points located on the forehead and below the eye. The established protocol indicates the specific pre-selected points for all participants, needling depths and manipulation techniques. The standard points for all subjects are located around the eyes (that is, forehead/temples), on the head, ears, abdomen, hands, arms, lower legs and toes. The acupuncture points are: GV-20, GV-24, yin tang, tai yang, BL-2 to yu yao with electrostimulation, qiu hou to yi ming with electrostimulation, ST-2, GB-20, ear (Eye 1, Eye 2, Eye, Liver), CV-12, CV-6, ST-25, LI-12, LI-3, HT-8 and BL-67. Additionally, the following proximate point combinations were palpated and of each pair, the one that was more sensitive was selected for needling: LV-8/KD-10, SP-6/KD-7, LV-2/LV-3. An IR 3000 heat lamp was placed over the abdomen to warm acupuncture points in that area, which is thought to increase the response of the overall treatment. The heat lamp was used in nine of 12 subjects for five to 30 minutes per session, depending on varying individual sensitivities to the heat.
Data analyses
Changes in vision were considered significant and a sign of improvement, if the change after treatment exceeded previously published values for test variability in retinitis pigmentosa, [14] [15] [16] [17] [18] that is, 3.0 to 3.6 dB 95% confidence interval (CI) for dark-adapted fullfield stimulus threshold, greater than 30 per cent coefficients of variation (CoV) for SST-1 dark-adaptometry, greater than 20 per cent at two consecutive tests for Goldmann visual field area, more than seven letters for ETDRS VA or more than six letters for Pelli-Robson contrast sensitivity. Goldmann visual field results were digitised to determine the seeing retinal areas. 19 Two-sample t-tests were used to explore differences between subjects who did and those who did not improve significantly in the scotopic sensitivity tests (that is, FST or SST-1 dark-adaptometry), using Stata/IC version 10.0 (Stata Corp, College Station, TX, USA).
RESULTS
Each subject's age, gender, ocular history and baseline visual function measures are listed in Table 1 . The acupuncture procedures were well tolerated without adverse events or loss of vision. All 12 subjects indicated they would be willing to repeat the treatment series in the future.
Three of nine subjects with reliably measurable dark-adapted full-field stimulus thresholds experienced a significant 10.3 to 17.5 dB (that is, 13-to 53-fold) improvement in full-field stimulus thresholds dark-adapted sensitivity in both eyes at one week after treatment (subjects 1, 3 and 5), which is outside the typical test-retest variability (95% CI) of 3.0 to 3.6 dB for the full-field stimulus thresholds in retinitis pigmentosa 14, 15 and was maintained for at least 10 to 12 months. Figure 1 shows the results for dark-adapted sensitivity using the full-field stimulus threshold displayed as means and 95% CIs based on three within-session measures for each subject. The previously reported range for normally sighted subjects without retinitis pigmentosa 14 is indicated in the grey-shaded area of Figure 1 . Subject 1's post-treatment improved sensitivities are in this normal range.
After finding that three of the first nine subjects had improvements in FST scotopic sensitivity (subject 7 was not able to provide reliable FST results due to interference from spontaneously occurring photopsias), we determined the rate or time course for darkadaptation in our last two subjects using the SST-1. We found a mean improvement of 43 per cent (range 36 to 53 per cent across intensities; that is, more rapid dark-adaptation) in subject 11 and mean improvement of 54 per cent (range 43 to 62 per cent from 10 to 30 dB) in subject 12 at one week after treatment in Figure 2 . These changes reflect reductions in the time required to reach a certain level of intensity when comparing before and after treatment and were outside the typical coefficient of variation of less than 30 per cent for the SST-1 that we previously determined for patients with retinitis pigmentosa and normal subjects. 16 Subject 12's improvements in dark-adapted sensitivity in the first 10 minutes from 30 to 15 dB were still maintained six weeks after treatment. Previously published data 16 from normally sighted controls are indicated in thin black lines in Figure 2 .
When comparing subjects who did (n = 5) or did not (n = 6) have a significant improvement in scotopic sensitivity with the FST or SST-1 dark-adaptometry, there was no statistically significant difference in the baseline FST (p = 0.49), GVF log retinal area for the III4e target (p = 0.39), VA in the better eye (p = 0.55), CS in the better eye (p = 0.60), age of onset for VF loss (p = 0.10) or current age (p = 0.40). The age of onset for loss of night vision was statistically significantly greater in subjects who had a significant improvement in scotopic sensitivity after treatment, compared to subjects who did not improve (32 versus 6.0 years) (p = 0.016). 
cent in the right and left eyes, respectively, indicating that the effects measured with Goldmann visual fields were not persisting. Improvements in Goldmann visual field area of more than 20 per cent were not noted beyond one week after treatment in other subjects, except in subject 6, whose improvements ranged between 59 to 99 per cent in each eye for the II4e isopter at one, two and three months post-treatment. This subject had previous experience with completing Goldmann visual fields in clinical practice, prior to his study participation.
Significant improvements for ETDRS VA or Pelli-Robson contrast sensitivity occurred in one subject (subject 11) with 0.2 logMAR or two lines of improvement and another subject (subject 3) with 0.55 logCS or four steps of improvement. The only subject with a significant change in contrast sensitivity also developed a reduction in cystoid macular oedema observed with SD-OCT post-treatment and shown in Figure 3 . We are unable to state whether the improvements in contrast sensitivity and cystoid macular oedema were a result of the acupuncture treatment, as there is a possibility that the cystoid macular oedema may have spontaneously resolved. The non-significant improvement in VA subjects 3 and 8 by 0.04 and 0.12 logMAR, respectively, was correlated with reductions in cystoid macular oedema observed with SD-OCT after treatment. Differences in the magnitude of the VA change appear to be related to the position of the reduced cystoid macular oedema relative to the fovea, that is, closer in subject 8 than subject 3, as shown in Figure 3 . These were the only two subjects with cystoid macular oedema at the pre-treatment assessment and a larger sample with cystoid macular oedema would be needed to establish whether changes are related to acupuncture treatment or spontaneous resolution. The baseline qualitative amount of RPE dysfunction measured with fundus autofluorescence (FAF; Heidelberg Spectralis, Carlsbad, CA, USA) did not predict the subjects who developed a significant improvement in visual function. Table 2 lists the subjectively reported improvements in visual function noted by participants during their activities of daily living at one week to one month after treatment. The largest proportion of subjects reported improvement in vision in dim or dark environments. There was a statistically significant correlation between subjects who had significantly improved results during scotopic sensitivity testing with the FST or SST-1 (n = 5), and subjects who reported improved vision at night in dark areas (χ 2 = 4.4; p = 0.036). Four of five with improved scotopic testing noted subjective improvements in real-world situations and activities and only one (subject 6), who did not improve on the FST noted a subjective improvement. Although subject 5 had a significant improvement in scotopic sensitivity with the FST, his night vision still remained well below normal, which may have limited impact on daily activities and may explain why he did not notice any improvements in everyday life.
DISCUSSION
The current pilot study describes the quantifiable changes in visual function that patients with retinitis pigmentosa exhibited after receiving a standardised acupuncture protocol. We found that the most robust improvements in visual function for the largest proportion of subjects (five of 11) were measured by the scotopic sensitivity tests. Previous case series studies of acupuncture for retinitis pigmentosa did not measure this aspect of visual function and instead focused on measurements of VA and VF, 6,7 which did not change significantly in the vast majority of our subjects (10 of 12). Visual loss at night is a hallmark of retinitis pigmentosa and the subjectively reported improvements after treatment appear to be clinically meaningful for subjects with significant measurable changes in the psychophysical tests of scotopic sensitivity.
Not all subjects developed a significant improvement in visual function following the acupuncture protocol but the current sample was too small to draw any conclusions regarding factors that may influence individual differences in treatment response. Our data hint that age of onset of loss of night vision may predict improvements in dark-adapted visual function. Future research will need to identify specific patient-related factors that may predict responses in visual function following acupuncture, for example, systemic medications or lifestyle choices (diet, exercise), which may be modifiable and/or could be used as inclusion/exclusion criteria for future clinical trials. Not all of the subjects in our study had a confirmed genetic mutation for retinitis pigmentosa but it is noteworthy that the two unrelated subjects with X-linked RPGR mutations listed in Table 1 had different responses to acupuncture despite similar baseline FSTs; that is, the affected female carrier developed a significant improvement (subject 1), while the affected male did not have a significant change (subject 10). The roles of retinitis pigmentosa genotypes and other patient-specific factors (for example, epigenetic changes) on responsiveness to acupuncture should be further explored with a larger sample.
In our previously published studies 18 of test-retest variability in retinitis pigmentosa, we examined whether learning effects were present during four sessions at monthly intervals for tests of VA, contrast sensitivity and dark-adaptation, as well as for two repeated tests of Goldmann visual fields, and did not find evidence of a systematic learning effect across subjects with retinitis pigmentosa for any of these tests. Therefore, we do not believe that learning effects played a significant role in the improvements noted during this study. We found that seven of 12 subjects had a greater than 20 per cent improvement in field area one week after treatment that was not sustained at one month. Our experience is that typical variability in field area is less than 20 per cent for subjects with retinitis pigmentosa with a visual field radius greater than seven degrees. 18 Goldmann visual field variability may be influenced by many patient-related factors that are difficult to quantify; however, we have no reason to believe that the subjects with retinitis pigmentosa in this study would be significantly more variable than those enrolled in our previous research and tested by the same operator.
To provide a scientific rationale for future clinical trials involving acupuncture for retinitis pigmentosa and to guide their design, it is necessary to obtain further evidence of plausible physiological mechanisms that could be responsible for improvements in visual function in patients with retinitis pigmentosa following acupuncture. Although basic research with animal models indicates that neurotrophic factors increase in response to electroacupuncture, 5 it is not possible to assess these factors directly in patients with retinitis pigmentosa. Ciliary neurotrophic factor regenerates cone outer segments in animal models 20 and may reduce cone photoreceptor loss 21 and improve cone function 22 in patients with retinitis pigmentosa. Thus, the cone contrast test 23 might serve as an indirect measure of neurotrophic factor changes. In fact, one-third of our subjects (subjects 2, 4, 5 and 6) reported improved colour vision after treatment. One third of the subjects (4, 5, 6 and 12) reported that the entire visual field appeared brighter, more vibrant and crisper after treatment. Subject 12 said that this change was `as if the world looked like it had a glossy photo finish, whereas previously it had a matte finish.' While none of our tests for vision were appropriate to capture this aspect of vision, perhaps static threshold visual fields or microperimetry may be better suited to assess this type of visual change in future studies.
In healthy human volunteers without retinitis pigmentosa, an immediate increase in ophthalmic artery (OA) blood velocity 24 or a decreased vascular resistance in the posterior ciliary arteries (PCAs) 25 has been reported following needling of vision-related acupoints, while such changes were not found for non-vision related acupoints. Significantly reduced vascular resistance in the central retinal artery (CRA) and PCAs was found following acupuncture in open-angle glaucoma subjects. 25 Electroacupuncture increases blood fluidity by decreasing platelet aggregation in the systemic vascular system of normal subjects, and may involve an endogenous adrenergic mechanism. 26 Successful treatment of other chronic diseases, such as lower back pain, with electroacupuncture has been attributed to increased blood flow to surrounding nerves (for example, sciatic). 27 Ocular blood flow as a potential mechanism and indicator of physiological changes that occur in response to electroacupuncture has not been reported previously for patients with retinitis pigmentosa and is a potential area to explore in future studies. Several groups have documented reduced velocity of ocular blood flow in both early and late stage retinitis pigmentosa compared to normal controls; [28] [29] [30] [31] [32] however, no previous longitudinal or experimental studies have adequately explored the relationship between changes in ocular blood flow velocity and either improvements or reductions in visual function in retinitis pigmentosa. The relationship between vascular and visual function in retinal ischaemia has been described previously 33 and it might also play a role in patients with retinitis pigmentosa after acupuncture.
In a disease such as retinitis pigmentosa, the management options of which are extremely limited, it is important to examine the potential for integrative therapies to improve visual function. Acupuncture is a relatively inexpensive treatment modality that is minimally invasive and involves minimal risk when administered by an acupuncturist with appropriate training. Continued studies should examine the potential for this treatment to improve visual function, thus improving the quality of life of patients with retinitis pigmentosa, while other promising treatments such as stem cells, gene therapies and pharmacologic agents are being developed. Additional studies would provide the necessary groundwork to help justify a randomised controlled trial, by identifying which visual and physiological measures, such as ocular or retinal blood flow, are responsive to acupuncture, demonstrating the feasibility of the methodology, validity of proposed mechanisms and providing improved estimates of the effect.
IMPORTANT NOTE TO READERS
This acupuncture protocol must be administered by a qualified and licensed acupuncturist, preferably with hands-on training and experience with specific needling techniques for treating patients with retinitis pigmentosa. It is important to caution patients that the risks if treated by some-one without appropriate expertise include serious injuries such as nerve damage, cellulitis and other infections or haematomas. A randomised, controlled trial is needed to determine the efficacy of this protocol. We strongly recommend preliminary vision testing by the patient's eye-care provider before commencing treatment and retesting after 10 treatments to assess measurable improvements. Any recommendations regarding continued treatment should be based on changes in visual function. Line graph indicating full-field stimulus threshold (FST) dark-adapted sensitivity for each subject across visits, with the mean and 95% confidence intervals (CI) for three measures at each time. Subject ID numbers are indicated to the right of their corresponding results. The previously reported normal range is indicated in the grey shaded area Scotopic Sensitivity Tester (SST)-1 dark-adaptation curve data for subjects 11 and 12, drawn with black and red lines, respectively. Each curve represents the detection time at the pre-treatment or one or six weeks after treatment, at the stimulus intensities plotted along the ordinate. Data from normally sighted controls are drawn with thin black lines; each curve represents one individual's mean detection time across four visits Spectral domain optical coherence tomography (SD-OCT) images from subjects 3 (left panels) and 8 (right panels) with a cross-section obtained through the fovea, demonstrating intraretinal cystoid macular oedema at the pre-treatment visit (top panels) that diminished after treatment (lower panels) Table 1 Listing of subjects' ages, gender, ocular history, baseline visual function measures and maximum improvement in either eye from one week to one month after treatment indicates subjects with significant improvement in scotopic sensitivity measures (FST or SST-1) or significant VA or contrast sensitivity improvement.
Table 2
Subjectively reported improvements in visual function at one week to one month post-treatment CS: contrast sensitivity, FST: dark-adapted full-field stimulus threshold. † subjects with significant improvement in scotopic sensitivity measures (FST or SST-1) or significant VA or CS improvement.
